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Hereditary hemolytic anemias are a group of disorders with a vari-ety of causes, including red cell membrane defects, red blood cellenzyme disorders, congenital dyserythropoietic anemias, tha-
lassemia syndromes and hemoglobinopathies. As damaged red blood
cells passing through the red pulp of the spleen are removed by splenic
macrophages, splenectomy is one possible therapeutic approach to the
management of severely affected patients. However, except for heredi-
tary spherocytosis for which the effectiveness of splenectomy has been
well documented, the efficacy of splenectomy in other anemias within
this group has yet to be determined and there are concerns regarding
short- and long-term infectious and thrombotic complications. In light of
the priorities identified by the European Hematology Association
Roadmap we generated specific recommendations for each disorder,
except thalassemia syndromes for which there are other, recent guide-
lines. Our recommendations are intended to enable clinicians to achieve
better informed decisions on disease management by splenectomy, on
the type of splenectomy and the possible consequences. As no random-
ized clinical trials, case control or cohort studies regarding splenectomy in
these disorders were found in the literature, recommendations for each
disease were based on expert opinion and were subsequently critically
revised and modified by the Splenectomy in Rare Anemias Study Group,
which includes hematologists caring for both adults and children. 
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ABSTRACT
Introduction
Hereditary hemolytic anemias are a group of disorders
with a variety of causes, including red cell membrane
defects, enzyme disorders, congenital dyserythropoietic
anemias, and hemoglobinopathies. Given the rarity of
these disorders, their optimal management has yet to be
determined. Splenectomy has been suggested as a possible
therapeutic approach to manage severely affected
patients, based on the evidence that abnormal or damaged
red blood cells passing through the spleen red pulp are
removed by the splenic macrophage system. However,
although splenectomy has been commonly used in recent
decades in the clinical management of patients with
severe hematologic phenotypes, its efficacy in many of
these disorders has yet to be determined. Additionally,
concerns remain regarding short- and long-term infectious
complications, and increased risk of cardiovascular com-
plications in later life, including thrombosis and pul-
monary hypertension.1
We first reviewed the literature in PubMed in order to
generate recommendations regarding splenectomy in
hereditary hemolytic anemias. Since no randomized clini-
cal trials, case-control or cohort studies were identified,
the level of evidence considered was lowered to that from
non-analytic studies and case series. Expert recommenda-
tions were developed, and subsequently critically revised
and modified by the Splenectomy in Rare Anemias Study
Group in order to achieve the greatest possible agreement,
which was classified as "full consensus” (100% agree-
ment) or “consensus” (>80% agreement). None of the core
statements achieved a degree of consensus below 80%.
The Grading of Recommendation Assessment,
Developing and Evaluation (GRADE) system was used to
rate the quality of evidence and strength of recommenda-
tions (see Online Supplementary Information).2
We first present general considerations on the possible
complications of splenectomy, including post-splenecto-
my infections and acute and long-term thromboembolic
complications, and types of splenectomy (laparatomic,
laparoscopic and partial). We then discuss the advantages
and complications of splenectomy for each of the specific
hereditary hemolytic anemia disorders, concluding with
specific recommendations when possible.
Splenectomy complications
Post-splenectomy infections
Given the role of the spleen in immune competence and
blood filtration, there is a risk of overwhelming post-
splenectomy infection (OPSI), which is highest with
encapsulated micro-organisms such as Streptococcus pneu-
moniae, Neisseria meningitidis and Haemophilus influenza.3
Asplenia is also an important risk factor for serious infec-
tions with Plasmodium, Capnocytophaga canimorsus and C.
cynodegmi (after an animal bite), Babesia spp. (after a tick
bite), and Bordetella holmesii.4-6 The risk of post-splenecto-
my sepsis may vary according to the indication for
splenectomy (intermediate risk in spherocytosis and high-
er in other inherited anemias),7 patient’s age at the time of
surgery (highest before the age of 5 years),3 and time since
the splenectomy was performed (risk highest during the
first year after the intervention). However, the risk proba-
bly remains elevated for life.8,9 Given the high risk of OPSI
at a young age, splenectomy should not normally be per-
formed before 5 years of age.
It is difficult to estimate the current risk of OPSI in sub-
jects aged >5 years as most studies are retrospective and
include patients with heterogeneous diseases who were
not fully immunized. It is possible that the widespread use
of conjugated vaccines will significantly reduce the risk of
OPSI. In fact, a recent retrospective study in which 141
consecutive children undergoing splenectomy during
1991-2010 were analyzed indicated that ten of the 11
patients who developed post-splenectomy sepsis had an
additional underlying immune deficiency.10 However, in a
recent prospective, multicenter cohort study of German
patients with severe sepsis or septic shock, S. pneumoniae
sepsis was more frequent among splenectomized patients
than among those with a normal functional spleen (42%
versus 12%, respectively; P<0.001). It is of note that less
than half of the OPSI patients in this study had received
pneumococcal vaccination before splenectomy, despite
national and international guidelines.11
Strategies to reduce the development of OPSI include: (i)
patient’s education, including advice to take urgent action
in response to febrile episodes; (ii) vaccination and (iii)
prophylactic anti-microbial therapy. Detailed guidelines
regarding the prevention and treatment of infections in
splenectomized or asplenic patients are available through
the British Committee for Standards in Haematology12 and
American Academy of Pediatrics (Red Book 30th edition,
2015), to which the reader is referred.
Post-splenectomy thromboembolic complications 
It has been reported that, following splenectomy, there
is an increased risk of early and late venous and arterial
thrombosis1,13 including acute splenic and portal vein
thrombosis (SPVT)14 and delayed severe life-long compli-
cations.15
Acute splenic and portal vein thrombosis 
Acute SPVT after splenectomy is an early and life-
threatening complication, which can lead to bowel
ischemia and/or portal hypertension. This complication
has been related to stasis in the splenic vein remnant.14 The
risk varies depending on the underlying disorder. In 2008,
Krauth et al. reviewed prospective and retrospective stud-
ies and found that 11/89 patients with hemolytic disease
developed SPVT (12.3%) while only 2/118 patients (1.7%)
of those with immune thrombocytopenia had SPVT.
None of 122 patients who underwent splenectomy
because of trauma developed this complication.14,15 Large
spleen size has also been identified as a risk factor for the
development of SPVT. Although there are no well-
designed randomized trials comparing the risk of SPVT
after open splenectomy versus laparoscopic splenectomy,
the surgical approach does not seem to affect the inci-
dence of SPVT.16 Screening for thrombophilia has not been
shown to allow early identification of patients at risk of
SPVT after splenectomy.17
A study in which contrast-enhanced computed tomog-
raphy was used for the diagnosis of SPVT showed that the
median time between splenectomy and the appearance of
asymptomatic SPVT was 6 days (range, 3-11 days).18 A
Canadian study of 40 patients suggested that an appropri-
ate time for Doppler/ultrasound surveillance to diagnose
SPVT is 1 week following splenectomy.19
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Most patients with documented SPVT are treated with
anticoagulant therapy (i.e. intravenous heparin followed by
oral anticoagulants) for a variable period ranging between 3
to 6 months. In one study, the majority of treated patients
had documented complete (57/90, 63.3%) or at least partial
(13.3%) resolution of the thrombus. However, 7.7% of this
latter population showed persistence of thrombus, while
15.5% developed a cavernoma or portal hypertension.14
The role of prophylactic antithrombotic therapy is
unknown as strategies in the various cohorts or case
reports were extremely heterogeneous in terms of dura-
tion of prophylaxis. A randomized study comparing dif-
ferent durations of postoperative antithrombotic prophy-
laxis after laparoscopic abdominal surgery was terminated
early due to the low incidence of thrombosis.16
Late cardiovascular events
Arterial and venous thromboembolism 
An increased risk of vascular complications after
splenectomy was first described in a group of 740 World
War II veterans whose spleen was removed because of
trauma. It was seen that these subjects had a significantly
increased risk of death from ischemic heart disease com-
pared to controls (relative risk, 1.85).15 Data from a Danish
Registry identifying all splenectomized patients from
1996-2005 showed that the long-term (>1 year) risk of
venous thromboembolism remained approximately 3-fold
higher in patients who had undergone splenectomy
because of trauma than in the general population.20 The
contribution of other trauma complications to thrombotic
risk was not, however, evaluated. The long-term risk of
venous thromboembolism was highest in patients
splenectomized for malignant hematologic disorders and
hemolytic anemias.
Pulmonary arterial hypertension 
Splenectomy has been reported to be a risk factor for the
development of pulmonary arterial hypertension,21 partic-
ularly in patients with hemolytic disorders.22-24 Loss of
splenic function is associated with increased numbers of
platelets and also enhances their activation, promoting
pulmonary microthrombosis and adhesion of red cells to
the endothelium.25 The spleen also plays a critical function
in the removal of senescent and damaged erythrocytes. 
Surgical approach
Laparotomic splenectomy 
The traditional approach to splenectomy has been by
laparotomy. This approach allows for a careful search for
an accessory spleen which, if left behind, may cause recur-
rence of anemia.10 The disadvantages of open splenectomy
are mainly surgical morbidity and abdominal wall scar-
ring.26 Laparoscopic splenectomy has become feasible
with progress in minimally invasive techniques.27
Laparoscopic splenectomy
Laparoscopic splenectomy is currently considered the
gold standard technique for removal of a normal sized or
slightly enlarged spleen and is preferred to open splenec-
tomy. Compared to open splenectomy, laparoscopic
splenectomy: (i) is less traumatic; (ii) is associated with
fewer complications; (iii) requires shorter hospital stays;
(iv) has a better cosmetic outcome; and (v) overall, has a
lower cost. However, it should only be performed by
experienced surgeons.28 Nowadays, laparoscopic splenec-
tomy is possible and safe also for massively enlarged
spleens, but in such cases is associated with longer operat-
ing times and longer stays in hospital.29 Perioperative
splenic artery embolization has been found to be useful
and reduces the complications of massive spleen laparo-
scopic splenectomy.30 Moreover, selective splenic artery
embolization, carried out in steps, will reduce spleen size
and alleviate cytopenias.31
A preoperative assessment of splenic size by ultrasound
is recommended. Although three-dimensional computed
tomography is considered to be more accurate, it does not
provide significant advantage in estimating spleen size and
its use should be limited to those cases in which additional
information about the anatomy is required prior to sur-
gery.32
Splenectomy recommendations 
-For prompt diagnosis of SPVT at least one Doppler ultrasound
study should be carried out on day 7 after splenectomy (agreed by
86% of experts) (grade 2 recommendation, grade C evidence).
A. Iolascon et al.
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Table 1. Summary of splenectomy recommendations for hemolytic disorders.
Disease When splenectomy recommended? *
Hereditary spherocytosis Patient is transfusion-dependent or suffers severe anemia.
Patient has moderate disease: decision based on spleen size and quality of life parameters.
No need to perform cholecystectomy.
Pyruvate kinase deficiency Consider if patient is transfusion-dependent or severely anemic.
Cholecystectomy should be performed at time of splenectomy.
Splenectomy in congenital non-spherocytic Consider if patient is transfusion-dependent and/or has massive splenomegaly and/or has
hemolytic anemia due to G6PD deficiency symptomatic splenomegaly.
Hereditary stomatocytosis Contraindicated.
Congenital dyserythropoietic anemia type II Consider if patient is transfusion-dependent and/or has symptomatic splenomegaly.
Sickle cell disease Patient has had two acute splenic sequestration crises and/or has massive splenomegaly
and/or suffers symptomatic hypersplenism.
Unstable hemoglobin Consider only if patient has transfusion-dependent anemia and/or symptomatic splenomegaly.
*For all indications splenectomy should be performed after 6 years of age. G6PD: glucose-6-phosphate dehydrogenase.
Partial splenectomy 
In an attempt to reduce the infectious risk of total
splenectomy, especially for children less than 6 years of
age who suffer severe anemia or are transfusion-depen-
dent, partial splenectomy has been increasingly used in
recent years. In partial splenectomy, usually 80-90% of the
enlarged spleen is removed. Partial splenectomy was ini-
tially performed using an open splenectomy approach but
laparoscopic and robotic approaches have recently been
introduced.33 Nevertheless, partial splenectomy should
always be performed by an experienced surgeon.
Disease-specific recommendations
A detailed discussion of the clinical pictures of and diag-
nostic approaches to hereditary hemolytic disorders is
beyond the scope of this manuscript. Data available on the
advantages and complications of splenectomy in heredi-
tary hemolytic anemias and expert recommendations are
summarized in Table 1. It should be appreciated that data
for some disorders are so sparse that no recommendations
could be generated.
Hereditary spherocytosis
Following thalassemia syndrome and sickle cell disease
(SCD), hereditary spherocytosis (HS) is the most common
form of congenital hemolytic anemia with an incidence of
approximately 1:2000 and a dominant transmission in
about 70-80% of cases. HS is caused by mutations in
genes encoding α- and β-spectrin and other proteins
involved in the attachment of the cytoskeleton to the
overlying lipid bilayer (ankyrin, band 3 and protein 4.2).
Defects in these structural proteins render the red blood
cells spherical, rigid and susceptible to premature destruc-
tion in the spleen.34-37 Clinically, patients with HS are
grouped into three categories according to disease severi-
ty: mild, moderate and severe (Table 2).36
Long-term thrombotic complications of splenectomy
In 1997, Schilling found that the rate of arteriosclerotic
events (stroke, myocardial infarction, coronary or carotid
artery surgery) in patients older than 40 years of age with
HS was 5.6-fold higher in asplenic patients than in HS
patients with an intact spleen, with the first event occur-
ring one or more decades following splenectomy.38 This
was further confirmed in his follow-up study in which the
hazard ratio for arterial events was 7.2 in HS patients who
underwent splenectomy compared to affected patients
who did not undergo splenectomy. In addition, affected
patients who underwent splenectomy had a hazard ratio
of 3 for developing venous events as compared to HS
patients who did not undergo splenectomy.39
However, only a few patients with HS who developed
stroke, pulmonary emboli or pulmonary arterial hyperten-
sion following splenectomy have been reported.24,40-42
Moreover, Buchanan et al. studied 39 adults with HS and
found no evidence of thrombotic manifestations despite a
long follow up (median 25 years).43
Splenectomy
Splenectomy in HS usually results in disappearance of
anemia and a clear decrease of hemolytic markers. In the
large HS series reported by Mariani et al., the median
hemoglobin increase after splenectomy was 3 g/dL (10.8
to 13.9 g/dL), associated with a decrease of reticulocyte
count (from 337 to 51×109/L) and unconjugated bilirubin
(from 32.5 to 12 mmol/L).44
Due to increasing awareness of post-splenectomy com-
plications, the rate of splenectomy has declined in the last
decade. During the period from 1980 to 2005, splenecto-
my was performed in only 20% of HS patients.44 In gener-
al, splenectomy is not indicated in patients with mild HS,
whereas it is usually necessary in severe cases, albeit
delayed if possible until the age of 6 years (Table 2). In the
intermediate categories the indications for splenectomy
are less clear. One indication is symptomatic/painful
splenomegaly with associated thrombocytopenia or
leukopenia that affects the patient’s quality of life. For
young adult patients, unacceptable cutaneous jaundice
(usually in patients with concomitant Gilbert genotype)
may become a social problem that balances a decision
towards splenectomy.
Available guidelines for splenectomy
Guidelines for the diagnosis and management of HS,
including splenectomy were published on behalf of the
General Haematology Task Force of the British
Committee for Standards in Haematology in 2004 and
updated in 2011.45,46 In agreement with previous recom-
mendations, the laparoscopic approach is preferred if
trained surgeons are available; in children undergoing
splenectomy, the gall bladder should be removed con-
comitantly if symptomatic gallstones are present (Table 3).
We referred to previously published guidelines when con-
sidering two particular clinical situations: (i) whether
splenectomy should accompany cholecystectomy when
biliary stones are present; and (ii) the role of partial
splenectomy, particularly in children younger than 6 years
of age with severe HS.
Splenectomy and cholecystectomy
It was previously suggested that there is an increased
risk of intrahepatic choledocholithiasis following splenec-
tomy44 and the 2004 guidelines suggested that for children
with HS who require cholecystectomy the spleen should
Splenectomy in hereditary hemolytic anemias
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Table 2. Indications for splenectomy in hereditary spherocytosis based on severity of disease*.
Disease Hemoglobin Reticulocyte Bilirubin Indication for splenectomy 
severity (g/dL) count (%) (mmol/L)
Severe < 8 > 10 > 51 Indicated, delay until age >6 years
Moderate 8 - 12 > 6 > 34 Individually tailored based on spleen size and quality of life parameters
Mild 11 - 15 3 - 6 17 - 34 Not indicated
*severity of disease based on reference 35.
always be removed.45 This recommendation was based on
expert opinion despite little supportive data in the litera-
ture; the recommendation was changed in subsequent
guidelines to indicate that this issue remains
controversial.46 In a recent study, of 32 pediatric patients
with HS who underwent cholecystectomy, 27 underwent
synchronous splenectomy. However, none of the five
patients who underwent cholecystectomy without
splenectomy experienced signs or symptoms consistent
with gallstones over a median follow-up of 15.6 years.47
Similarly, in a recent study of children aged 4-17 years
studied during 2009-2012, simultaneous cholecystectomy
(for cholelithiasis) and splenectomy was performed in
fewer than half of the patients.48 We recommend that indi-
cations for splenectomy when cholecystectomy is
required should not differ from those for splenectomy
when cholecystectomy is not planned (Tables 1 and 2).
Partial splenectomy
In an attempt to reduce the infectious risk following
total splenectomy, especially for children less than 6 years
of age who suffer severe anemia or are transfusion-depen-
dent, partial splenectomy has been increasingly performed
in recent years. Several studies indicate that partial
splenectomy reduces the rate of hemolysis and increases
red blood cell lifespan while maintaining efficient splenic
phagocytic function.49-50 In a recently published follow-up
study, Pincez et al. reported on 79 HS children who under-
went partial splenectomy using an open splenectomy
approach between 1985 and 2013. In this population, 39
children were less than 5 years of age at the time of
splenectomy (mean age at surgery, 4.3±0.6 years) and
most were transfusion–dependent (31/39). Following par-
tial splenectomy (mean follow up of 12±0.9 years) there
were drastic reductions in transfusion rate and increases in
hemoglobin levels that were compatible with normal
growth while maintaining efficient spleen function in
96% of cases.51 On the other hand, this approach reduced
but did not totally suppress hemolysis and was associated
with later development of gallstones, and splenic remnant
regrowth. Finally, 50% of the 39 severely affected young
HS children required total splenectomy in a median of 5
years following partial splenectomy at an age when total
splenectomy was much safer.51 Falling hemoglobin levels
and discomfort due to spleen remnant regrowth were the
most common indications for this procedure. A recently
published systematic review and meta-analysis comparing
HS patients undergoing total splenectomy (1941 children)
versus partial splenectomy (283 children) confirmed that
although total splenectomy was more effective than par-
tial splenectomy in increasing hemoglobin levels (increas-
es of 3.6 g/dL and 2.2 g/dL, respectively) and in reducing
reticulocyte counts (by 12.5% and 6.5%, respectively), the
outcome following partial splenectomy was stable for at
least 6 years. There were no cases of OPSI.52 In this meta-
analysis, with an overall short follow-up, recurrence of
symptoms following partial splenectomy was uncommon
(5-10%) and secondary splenectomy was indicated in only
5% of children. Thus, partial splenectomy still needs to be
evaluated in larger series with longer term follow-up. In
view of these conflicting data no recommendations
regarding partial splenectomy in HS could be generated by
the group.
Pyruvate kinase deficiency
Pyruvate kinase (PK) deficiency is the most common
glycolytic defect causing congenital non-spherocytic
hemolytic anemia, having an incidence of 1:20,000 in
white individuals.53 PK converts phosphoenolpyruvate to
pyruvate, generating 50% of the total red cell ATP. PK-
deficient red blood cells are damaged due to lack of energy
Splenectomy recommendations 
- Splenectomy is recommended in HS patients who are transfu-
sion-dependent or suffer severe anemia (agreed by 100% of
experts) (Grade 2 recommendation, grade C evidence).
-Indications for splenectomy in the intermediate forms of HS
should be individually tailored based on spleen size and quality of
life parameters (agreed by 95% of experts) (grade 2 recommenda-
tion, grade C evidence).
A. Iolascon et al.
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Table 3. Splenectomy guidelines in hereditary spherocytosis –2011 update45 and the authors’ recommendations.
N. Guidelines 2011 Authors' recommendations
1 The laparoscopic approach to splenectomy is associated with less pain, shorter hospital stay and No change.
better cosmetic appearance; but is dependent on the availability of appropriately trained surgeons, 
and suitable equipment (grade 1 recommendation, grade B evidence).
2 In children undergoing splenectomy, the gall bladder should be removed concomitantly if there are No change.
symptomatic gallstones (grade C evidence, grade 2 recommendation).
3 In children who require cholecystectomy for symptoms of gallstones the use of concurrent splenectomy is In children > 6 years
controversial. It may be associated with a decreased risk of common bile duct stones in the future, but is also of age concomitant 
associated with a risk of post-splenectomy sepsis (grade 2 recommendation, grade C evidence). splenectomy is indicated 
according to severity 
of anemia (Table 1). 
4 When splenectomy is indicated, ideally it should be done after the age of 6 years (grade 2 recommendation, No change.
grade C evidence).
5 Partial splenectomy is theoretically associated with a decreased risk of post-splenectomy sepsis, but it is No consensus 
possible that further surgery may be needed for either recurrence of hematologic problems or symptomatic among our experts.
cholelithiasis (grade 2 recommendation, grade C evidence).
* Reference 45 The Grading of Recommendation Assessment, Developing and Evaluation (GRADE) system was used to rate quality of evidence and strength of recommenda-
tions.
to support membrane ion transport and to maintain mem-
brane structure and are, therefore, cleared by the spleen
and liver. Clinically, PK deficiency has been categorized
into mild, moderate and severe forms (Table 4).54-55
Results of splenectomy
Small retrospective studies suggest that splenectomy may
result in a moderate increase in hemoglobin levels of
approximately 1.8 g/dL (range, 0.4–3.4 g/dL), together with
a conspicuous rise of reticulocytes (up to 50-70%, a typical
feature of PK deficiency) and increased amounts of indirect
bilirubin, even if the anemia becomes less severe.54 Analysis
of the results of a recent international, multicenter registry
study involving 144 patients56 suggested that splenectomy
was performed mainly to reduce transfusion burden and
resulted in improved anemia, and thus enhanced quality of
life. The median pre-splenectomy hemoglobin concentra-
tion was 7 g/dL and, surgery reduced the transfusion bur-
den in 91% of cases. Fifty-three patients (66%) underwent
cholecystectomy at a median age of 14 years (range, 2.6-
60.4 years), of whom 35 (37%) were splenectomized.
Importantly this study showed that transfusion-dependen-
cy and moderate anemia persisted despite splenectomy in
more than half of the patients, suggesting that surgery is
less effective in PK deficiency than in HS.
Indications for splenectomy
Splenectomy may be beneficial in patients with high
transfusion requirements. It may also be considered in
patients with low transfusion requirements who may sub-
sequently become transfusion independent following
splenectomy, although this is difficult to predict. Although
splenectomy does not arrest hemolysis, it reduces and
sometimes eliminates the transfusion requirement in most
transfusion-dependent cases. The response to surgery of
other affected family members may help in predicting the
therapeutic efficacy of splenectomy.54,55 Optimal timing of
surgery is unclear and needs to be considered individually
weighing up the life-long risks (infection, thromboem-
bolism) against the likely benefits.
Cholecystectomy and splenectomy
As for HS, splenectomy should also be considered in
patients requiring cholecystectomy to avoid second surgery.
However, in contrast to HS, in PK deficiency gallstones are
also common in splenectomized patients, and therefore
cholecystectomy should accompany splenectomy. 
Partial splenectomy 
Partial splenectomy was reported to be unsuccessful in
two patients with PK deficiency and effective in one
patient, who achieved an increase in baseline hemoglobin
and reduction in transfusion rate.57
Other therapeutic options for PK deficiency that should
be considered include HLA-matched sibling allogeneic
transplantation,58 and new therapies which are still under
investigation, including the enzyme activator (AG-348)59
and gene therapy.60
Congenital non-spherocytic hemolytic anemia due 
to glucose-6-phosphate dehydrogenase deficiency 
Patients with glucose-6-phosphate dehydrogenase defi-
ciency rarely suffer hemolytic anemia in the steady state and
hemolysis is triggered by an exogenous factor. Some muta-
tions of glucose-6-phosphate dehydrogenase do, however,
result in chronic hemolysis without precipitating causes.
These mutations are more severe than the more commonly
occurring polymorphic forms of the enzyme. The severity of
anemia ranges from borderline to transfusion-dependent. In
2004, Hamilton et al. identified nine transfusion-dependent
patients in the literature: seven responded to splenectomy
and became transfusion-independent.61 Luzzatto and Poggi
suggested that splenectomy should be performed if
splenomegaly becomes a physical encumbrance, or if there
is evidence of hypersplenism and if the anemia is severe.62
Splenectomy recommendations 
-Splenectomy should be considered in patients with PK deficiency
who are transfusion-dependent or do not tolerate the anemia (agreed
by 91% of experts) (grade 2 recommendation, grade C evidence).
-Cholecystectomy should be performed together with splenectomy
(agreed by 86% of experts) (grade 2 recommendation, grade C evi-
dence).
Splenectomy recommendations
-Splenectomy should be considered in patients with congenital
non-spherocytic hemolytic anemia due to glucose-6-phosphate
dehydrogenase deficiency who are transfusion-dependent and/or
have symptomatic splenomegaly. (agreed by 100% of experts)
(grade 2 recommendation, grade C evidence)
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Table 4. Indications for splenectomy in pyruvate kinase deficiency based on severity of disease*.
Disease Age Clinical Median hemoglobin Transfusion Indication 
severity at diagnosis manifestations (g/dL) requirement for splenectomy
Severe Birth/infancy Most patients suffer severe  6.8 Transfusion-dependent Indicated after 
neonatal jaundice requiring age of 6 years
exchange transfusion, 
median age at diagnosis 4, 
almost all transfusion-dependent
Moderate Variable, childhood Moderate anemia 9 Confined to exacerbations Not indicated 
to adult occasional exacerbations
Mild Variable, childhood to adult Lifelong history 11 Rare Not indicated
of mild anemia
Severity of disease based on references 54 and 55.
Pyrimidine-5’-nucleotidase deficiency 
Deficiency of erythrocyte pyrimidine-5’-nucleotidase
is the most common inherited abnormality of nucleotide
metabolism causing hemolytic anemia of moderate
severity.55,63 Transfusions are rarely required.
Splenectomy has been associated with variable increases
in hemoglobin levels.64-67 Portosplenomesentric venous
thrombosis was described in one patient with pyrimi-
dine-5’-nucleotidase following splenectomy due to trau-
ma.68 As there are insufficient data regarding the efficacy
and complications of splenectomy in this disorder no rec-
ommendations could be made. 
Hereditary stomatocytosis 
Hereditary stomatocytosis (HSt), comprising both
dehydrated and overhydrated types, is a dominantly
inherited disorder in which there is altered red blood cell
membrane permeability to monovalent cations (Na+ and
K+), with consequent changes in intracellular cation con-
tent and red cell volume. Dehydrated HSt is the most
common form of HSt, with an incidence of approximate-
ly 1:50,000 births. Overhydrated HSt  is a very rare sub-
type, with only 20 cases having been reported world-
wide. The recent identification of genes mutated in HSt
has improved the diagnosis and understanding of the
pathophysiology of this group of disorders. To date, a
total of five different genes encoding membrane proteins
have been reported to be responsible for red blood cell
volume alterations: three lead to overhydrated HSt [AE1
(also termed SLC4A1), RHAG and GLUT1 (also termed
SCL2A1)69,70 and two to dehydrated HSt (PIEZO1 and
KCNN4, encoding the Gardos channel)]71-75. Reviews on
the clinical picture and molecular pathogenesis have
recently been published.37,76
Splenectomy
A high risk of thromboembolic complications follow-
ing splenectomy in HSt was first described by Stewart
and colleagues (1996) in nine splenectomized adults.77 In
their seven families four had overhydrated HSt and the
remaining dehydrated HSt. Both groups suffered from
serious late thrombotic complications, sometimes recur-
rent over years, including deep vein thrombosis, pul-
monary emboli, superficial thrombophlebitis, portal vein
thrombosis, intracardiac mural thrombosis, arterial
thrombosis, and pulmonary arterial hypertension. Four
of the nine patients died. No such complications were
observed in six affected before splenectomy. Since this
original observation there have been at least four addi-
tional reports of individuals with overhydrated or dehy-
drated HSt who developed severe thrombotic complica-
tions.78-81
Given the retrospective, incomplete, and anecdotal
nature of the description of thromboembolic complica-
tions following splenectomy in HSt, it is impossible to
estimate the precise risk of this procedure, but it is appar-
ent that there is a high risk and that splenectomy, which
is only partially effective in overhydrated HSt and inef-
fective in dehydrated HSt, should be avoided. In patients
with HSt who were mistakenly misdiagnosed as having
HS and underwent splenectomy, life-long anti -
coagulation should be considered.
Congenital dyserythropoietic anemia
Congenital dyserythropoietic anemia (CDA) is a group
of rare red blood cell disorders characterized by ineffective
erythropoiesis, pathognomonic cytopathology of nucleat-
ed red blood cells in bone marrow and increased iron
absorption with secondary hemochromatosis.82 Based on
morphological criteria, subsequently supported by genetic
analysis, three types have been described (I-III). More
recently CDA IV was defined and several additional
unclassified patients have been characterized.83 CDA II is
the most common subtype, with more than 200 patients
described in the literature, followed by CDA I with
approximately 100 patients.82
Splenectomy in congenital dyserythropoietic anemia I
Two case series of 13 severely anemic, mostly transfu-
sion-dependent patients who had undergone splenectomy
were identified.84,85 Six of those patients became transfu-
sion-independent following splenectomy, while seven had
no improvement in hemoglobin levels. Long-term follow-
up of six patients revealed that three had died, one due to
pulmonary arterial hypertension and the other two due to
overwhelming sepsis. Because of inconsistent responses
and possible complications, splenectomy should probably
be reserved for patients manifesting worsening anemia,
and/or significant thrombocytopenia or leukopenia or for
patients with massive, painful splenomegaly. Due to
paucity of data no recommendation regarding splenecto-
my in CDA I could be made.
Splenectomy in congenital dyserythropoietic anemia II
Heimpel et al. reported on 22 patients who underwent
splenectomy at a median age of 19.9 years.86 Hemoglobin
concentration increased in all patients from an average of
9.2 g/dL to 10.3 g/dL. However, in all but one patient,
hemoglobin levels remained below sex-matched reference
values.86 Russo et al. reported that 36% (41/112) of their
patients with CDA II underwent splenectomy and most
(14/17) showed a similar, moderate increase in hemoglo-
bin concentration (9.3±1.2 g/dL to 10.6±1.6 g/dL).87 To
date thrombosis has not been documented in patients
with CDA II following splenectomy. 
Thalassemic syndromes
The authors decided not to discuss thalassemic syn-
dromes since revised guidelines have recently been pre-
sented by the Thalassaemia International Federation
(please visit: www.tif.org).88
Splenectomy recommendations 
- In patients with hereditary stomatocytosis, splenectomy is con-
traindicated (agreed by 100% of experts) (grade 2 recommenda-
tion, grade C evidence).
Splenectomy recommendations 
-In patients with CDA II splenectomy should be considered in
severely anemic patients and/or in those with symptomatic
splenomegaly (agreed by 95% of experts) (grade 2 recommenda-
tion, grade C evidence).
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Sickle cell disease
SCD is a hereditary hemoglobinopathy with a world-
wide distribution: projected numbers of births in 2010
were 237,381 in Africa, 11,143 in the USA and 1,939 in
Europe.89 SCD is caused by a point mutation in the β-glo-
bin gene resulting in the synthesis of a pathological hemo-
globin, HbS.90 Cyclic polymerization/depolymerization of
deoxy-HbS generates dense, dehydrated red cells that play
a central role in the acute and chronic clinical manifesta-
tions of SCD, in which intravascular sickling leads to vaso-
occlusion and impaired blood flow with ischemic/reperfu-
sion injury.90 Some organs, such as the spleen, have been
shown to be more vulnerable to damage from HbS poly-
merization than others organs, due to their peculiar
anatomic organization mainly characterized by sluggish
circulation, low pH and local high pro-oxidant environ-
ment.90,91
Splenectomy
An acute splenic sequestration crisis is defined as acute
abdominal pain and distension associated with spleen
enlargement, a decrease in hemoglobin levels of at least 2
g/dL and stable or high reticulocyte count compared to
that of the patient in steady state.92 Even though the mor-
tality rate of patients with SCD has declined since the
introduction of neonatal screening for the disease, vaccina-
tion programs and parental education, acute splenic
sequestration crisis is still a life-threatening complication.93
The clinical management of such crises, with acute splenic
sickling and spleen blood entrapment, is based on rapid
correction of hypovolemic shock by infusion of crystal-
loids and packed red cells. Although international guide-
lines and consensus statements on the management of
acute splenic sequestration crisis are not available,
splenectomy is usually recommended after two such
crises requiring urgent transfusion.92-95
Hypersplenism, defined as chronic splenic enlargement
with lowered hemoglobin concentration and decreased
platelet and leukocyte counts, is the second major indica-
tion for splenectomy in SCD patients.92-95 Splenectomy is
usually indicated if there is hypersplenism, pressure
effects of the spleen or failure to thrive. Transfusion is
often ineffective in such children because of red blood cell
sequestration in the enlarged spleen.
Although splenectomy is the treatment for recurrent
acute splenic sequestration crises and hypersplenism in
SCD, there is no evidence that it increases hemoglobin
level, decreases hemolysis or improves patients’ survival.96
Splenectomy may, however, increase thromboembolism.
Limited evidence is available about any possible increased
incidence of pulmonary arterial hypertension or pain fre-
quency in SCD patients.97
Laparoscopic splenectomy is generally used in children
with SCD. It is performed after preoperative transfusion
or exchange transfusion to decrease the percentage of
HbS. The major limitations to using a laparoscopic
approach in SCD children are the size of the spleen, with
its local adhesions, and the longer duration of the opera-
tion. Although laparoscopic splenectomy has some posi-
tive aspects, such as the shorter duration of hospitaliza-
tion, its impact on the incidence of post-operative severe,
acute, SCD-related complications, including acute chest
syndrome, is still unclear.98,99 To date there are no real
advantages, in terms of hematologic phenotype and infec-
tive risk, from partial splenectomy rather than total
splenectomy in children with SCD.100
Thus, guidelines on the clinical management of acute
splenic sequestration crisis in SCD are needed. The guide-
lines should present parameters for and timing of splenec-
tomy, with accompanying surgical approaches.
Indications are likely to vary depending on environmental
factors, including the availability of safe blood transfu-
sions and the spectrum of infections. Future multicenter
studies should be designed to address these issues.
Unstable hemoglobin
Globin mutations that destabilize hemoglobin tetramers
constitute a very rare cause of hemolytic anemia. The clin-
ical pattern of hemolytic anemia related to unstable hemo-
globin is extremely variable. Severely affected patients,
particularly those with hyperunstable hemoglobin, pres-
ent early in childhood and may require chronic transfusion
therapy. Thrombotic complications following splenecto-
my have been described in nine patients (with Hb
Bridlington/HbTaybe, Hb Taybe, Hb Mainz, Hb Olmsted,
Hb Madrid and Hb Perth).101-106 The thrombotic events,
including pulmonary emboli, pulmonary arterial hyper-
tension, arterial stroke and priapism, occurred even 4-32
years after splenectomy. The majority of patients (7/9) had
no or only partial improvement in hemoglobin levels.
Given the anecdotal data, splenectomy should be consid-
ered only when there is severe anemia and/or massive or
symptomatic splenomegaly. 
Splenectomy recommendations 
-In SCD children, splenectomy is recommended after two acute
splenic sequestration crises (agreed by 100% of experts) (grade 2
recommendation, grade C evidence).
-In SCD children, splenectomy is also recommended in patients
with massive splenomegaly and/or hypersplenism (agreed by 90%
of experts) (grade 2 recommendation, grade C evidence).
Splenectomy recommendations 
-In patients with unstable hemoglobin splenectomy should be
considered when the spleen is very large and/or there is evidence of
hypersplenism (agreed by 95% of experts) (grade 2 recommenda-
tion, grade C evidence).
Splenectomy in hereditary hemolytic anemias
haematologica | 2017; 102(8) 1311
References
1. Crary SE, Buchanan GR. Vascular complica-
tions after splenectomy for hematologic dis-
orders. Blood. 2009;114(14):2861-2868.
2. Guyatt GH, Oxman AD, Vist GE, et al.
GRADE: an emerging consensus on rating
quality of evidence and strength of recom-
mendations. BMJ. 2008;336(7650):924-926.
3. Eraklis AJ, Kevy SV, Diamond LK, Gross RE.
Hazard of overwhelming infection after
splenectomy in childhood. N Engl J Med.
1967;276(22):1225-1229.
4. Schnitzer B, Sodeman TM, Mead ML,
Contacos PG. An ultrastructural study of the
red pulp of the spleen in malaria. Blood.
1973;41(2):207-218.
A. Iolascon et al.
1312 haematologica | 2017; 102(8)
5. Rosner F, Zarrabi MH, Benach JL, Habicht GS.
Babesiosis in splenectomized adults. Review
of 22 reported cases. Am J Med.
1984;76(4):696-701.
6. Rubin LG, Schaffner W. Clinical practice.
Care of the asplenic patient. N Engl J Med.
2014;371(4):349-356.
7. Bisharat N, Omari H, Lavi I, Raz R. Risk of
infection and death among post-splenectomy
patients. J Infect. 2001;43(3):182-186.
8. Styrt B. Infection associated with asplenia:
risks, mechanisms, and prevention. Am J
Med. 1990;88(5N):33N-42N.
9. Kristinsson SY, Gridley G, Hoover RN, Check
D, Landgren O. Long-term risks after splenec-
tomy among 8,149 cancer-free American vet-
erans: a cohort study with up to 27 years fol-
low-up. Haematologica. 2014;99(2):392-398.
10. Luoto TT, Pakarinen MP, Koivusalo A. Long-
term outcomes after pediatric splenectomy.
Surgery. 2016;159(6):1583-1590.
11. Theilacker C, Ludewig K, Serr A, et al.
Overwhelming postsplenectomy infection: a
prospective multicenter cohort study. Clin
Infect Dis. 2016;62(7):871-878.
12. Davies JM, Lewis MP, Wimperis J, et al.
Review of guidelines for the prevention and
treatment of infection in patients with an
absent or dysfunctional spleen: prepared on
behalf of the British Committee for Standards
in Haematology by a working party of the
Haemato-Oncology task force. Br J
Haematol. 2011;155(3):308-317.
13. Rodeghiero F, Ruggeri M. Short- and long-
term risks of splenectomy for benign haema-
tological disorders: should we revisit the indi-
cations? Br J Haematol. 2012;158(1):16-29.
14. Krauth MT, Lechner K, Neugebauer EA,
Pabinger I. The postoperative splenic/portal
vein thrombosis after splenectomy and its
prevention – an unresolved issue.
Haematologica. 2008;93(8):1227-1232.
15. Robinette CD, Fraumeni JF Jr. Splenectomy
and subsequent mortality in veterans of the
1939-45 war. Lancet. 1977;2(8029):127-129.
16. Tincani E, Piccoli M, Turrini F, Crowther MA,
Melotti G, Bondi M. Video laparoscopic sur-
gery: is out-of-hospital thromboprophylaxis
necessary? J Thromb Haemost. 2005;3
(2):216-220.
17. Manouchehri N, Kaneva P, Seguin C, Artho
GP, Feldman LS. Screening for thrombophilia
does not identify patients at risk of portal or
splenic vein thrombosis following laparo-
scopic splenectomy. Surg Endosc.
2016;30(5):2119-2126.
18. Ikeda M, Sekimoto M, Takiguchi S, et al.
Total splenic vein thrombosis after laparo-
scopic splenectomy: a possible candidate for
treatment. Am J Surg. 2007;193(1):21-25.
19. Tran T, Demyttenaere SV, Polyhronopoulos
G, et al. Recommended timing for surveil-
lance ultrasonography to diagnose portal
splenic vein thrombosis after laparoscopic
splenectomy. Surg Endosc. 2010;24(7):1670-
1678.
20. Thomsen RW, Schoonen WM, Farkas DK,
Riis A, Fryzek JP, Sorensen HT. Risk of venous
thromboembolism in splenectomized
patients compared with the general popula-
tion and appendectomized patients: a 10-year
nationwide cohort study. J Thromb Haemost.
2010;8(6):1413-1416.
21. Hoeper MM, Niedermeyer J, Hoffmeyer F,
Flemming P, Fabel H. Pulmonary hyperten-
sion after splenectomy? Ann Intern Med.
1999;130(6):506-509.
22. Atichartakarn V, Likittanasombat K,
Chuncharunee S, et al. Pulmonary arterial
hypertension in previously splenectomized
patients with beta-thalassemic disorders. Int J
Hematol. 2003;78(2):139-145.
23. Chou R, DeLoughery TG. Recurrent throm-
boembolic disease following splenectomy for
pyruvate kinase deficiency. Am J Hematol.
2001;67(3):197-199.
24. Hayag-Barin JE, Smith RE, Tucker FC Jr.
Hereditary spherocytosis, thrombocytosis,
and chronic pulmonary emboli: a case report
and review of the literature. Am J Hematol.
1998;57(1):82-84.
25. Atichartakarn V, Angchaisuksiri P, Aryurachai
K, Chuncharunee S, Thakkinstian A. In vivo
platelet activation and hyperaggregation in
hemoglobin E/beta-thalassemia: a conse-
quence of splenectomy. Int J Hematol.
2003;77(3):299-303.
26. Wilhelm MC, Jones RE, McGehee R,
Mitchener JS, Sandusky WR, Hess CE.
Splenectomy in hematologic disorders. The
ever-changing indications. Ann Surg.
1988;207(5):581-589.
27. Tulman S, Holcomb GW 3rd,
Karamanoukian HL, Reynhout J. Pediatric
laparoscopic splenectomy. J Pediatric Surg.
1993;28(5):689-692.
28. Wood JH, Partrick DA, Hays T, Sauaia A,
Karrer FM, Ziegler MM. Contemporary pedi-
atric splenectomy: continuing controversies.
Pediatr Surg Int. 2011;27(11):1165-1171.
29. Al-Mulhim AS. Laparoscopic splenectomy
for massive splenomegaly in benign hemato-
logical diseases. Surg Endosc.
2012;26(11):3186-3189.
30. Van Der Veken E, Laureys M, Rodesch G,
Steyaert H. Perioperative spleen emboliza-
tion as a useful tool in laparoscopic splenecto-
my for simple and massive splenomegaly in
children: a prospective study. Surg Endosc.
2016;30(11):4962-4967.
31. Luzzatto L. Recent advances in the pathogen-
esis and treatment of paroxysmal nocturnal
hemoglobinuria. F1000Res. 2016;5.
32. Pietrabissa A, Marconi S, Peri A, et al. From
CT scanning to 3-D printing technology for
the preoperative planning in laparoscopic
splenectomy. Surg Endosc. 2016;30(1):366-
371.
33. Slater BJ, Chan FP, Davis K, Dutta S.
Institutional experience with laparoscopic
partial splenectomy for hereditary spherocy-
tosis. J Pediatr Surg. 2010;45(8):1682-1686.
34. Perrotta S, Gallagher PG, Mohandas N.
Hereditary spherocytosis. Lancet.
2008;372(9647):1411-1426.
35. Gallagher PG. Abnormalities of the erythro-
cyte membrane. Pediatr Clin North Am.
2013;60(6):1349-1362.
36. Barcellini W, Bianchi P, Fermo E, et al.
Hereditary red cell membrane defects: diag-
nostic and clinical aspects. Blood Transfus.
2011;9(3):274-277.
37. Andolfo I, Russo R, Gambale A, Iolascon A.
New insights on hereditary erythrocyte
membrane defects. Haematologica. 2016;101
(11):1284-1294.
38. Schilling RF. Spherocytosis, splenectomy,
strokes, and heat attacks. Lancet.
1997;350(9092):1677-1678.
39. Schilling RF, Gangnon RE, Traver MI.
Delayed adverse vascular events after
splenectomy in hereditary spherocytosis. J
Thromb Haemost. 2008;6(8):1289-1295.
40. Bruguier A, Clement MC, Texier P, Ponsot G.
[Cerebral ischemic accident and hereditary
spherocytosis]. Arch Fr Pediatr. 1983;40(8):
653-654.
41. Jardine DL, Laing AD. Delayed pulmonary
hypertension following splenectomy for con-
genital spherocytosis. Intern Med J.
2004;34(4):214-216.
42. Smedema JP, Louw VJ. Pulmonary arterial
hypertension after splenectomy for heredi-
tary spherocytosis. Cardiovasc J Afr. 2007;
18(2):84-89.
43. Crary SE, Ramaciotti C, Buchanan GR.
Prevalence of pulmonary hypertension in
hereditary spherocytosis. Am J Hematol.
2011;86(12):E73-E76.
44. Mariani M, Barcellini W, Vercellati C, et al.
Clinical and hematologic features of 300
patients affected by hereditary spherocytosis
grouped according to the type of the mem-
brane protein defect. Haematologica.
2008;93(9):1310-1317.
45. Bolton-Maggs PH, Stevens RF, Dodd NJ, et al.
Guidelines for the diagnosis and manage-
ment of hereditary spherocytosis. Br J
Haematol. 2004;126(4):455-474.
46. Bolton-Maggs PH, Langer JC, Iolascon A,
Tittensor P, King MJ, General Haematology
Task Force of the British Committee for
Standards in Haematology. Guidelines for the
diagnosis and management of hereditary
spherocytosis – 2011 update. Br J Haematol.
2012; 156(1):37-49.
47. Ruparel RK, Bogert JN, Moir CR, et al.
Synchronous splenectomy during cholecys-
tectomy for hereditary spherocytosis: is it
really necessary? J Pediatr Surg. 2014;49(3):
433-435.
48. Rogulski R, Adamowicz-Salach A, Matysiak
M, et al. Laparoscopic splenectomy for hered-
itary spherocytosis - preliminary report. Eur J
Haematol. 2016;96(6):637-642.
49. Bader-Meunier B, Gauthier F, Archambaud F,
et al. Long-term evaluation of the beneficial
effect of subtotal splenectomy for manage-
ment of hereditary spherocytosis. Blood.
2001;97(2):399-403.
50. Buesing KL, Tracy ET, Kiernan C, et al. Partial
splenectomy for hereditary spherocytosis: a
multi-institutional review. J Pediatr Surg.
2011;46(1):178-183.
51. Pincez T, Guitton C, Gauthier F, et al. Long-
term follow-up of subtotal splenectomy for
hereditary spherocytosis: a single-center
study. Blood. 2016;127(12):1616-1618.
52. Guizzetti L. Total versus partial splenectomy
in pediatric hereditary spherocytosis: a sys-
tematic review and meta-analysis. Pediatr
Blood Cancer. 2016;63(10):1713-1722.
53. Beutler E, Gelbart T. Estimating the preva-
lence of pyruvate kinase deficiency from the
gene frequency in the general white popula-
tion. Blood. 2000;95(11):3585-3588.
54. Zanella A, Fermo E, Bianchi P, Valentini G.
Red cell pyruvate kinase deficiency: molecu-
lar and clinical aspects. Br J Haematol.
2005;130(1):11-25.
55. Zanella A, Fermo E, Bianchi P, Chiarelli LR,
Valentini G. Pyruvate kinase deficiency: the
genotype-phenotype association. Blood Rev.
2007;21(4):217-231.
56. Grace RF, Morton DH, Barcellini W, et al. The
phenotypic spectrum of pyruvate kinase defi-
ciency (PKD) from the PKD Natural History
Study (NHS): description of four severity
groups by anemia status. Blood. 2015;126
(23):2136.
57. Grace RF, Zanella A, Neufeld EJ, et al.
Erythrocyte pyruvate kinase deficiency: 2015
status report. Am J Hematol. 2015;90(9):825-
830.
58. Tanphaichitr VS, Suvatte V, Issaragrisil S, et al.
Successful bone marrow transplantation in a
child with red blood cell pyruvate kinase defi-
ciency. Bone Marrow Transplant. 2000;26
(6):689-690.
59. Grace RF, Rose C, Layton DM, et al. Effects of
AG-348, a pyruvate kinase activator, on ane-
mia and hemolysis in patients with pyruvate
kinase deficiency: data from the DRIVE PK
study. Blood. 2016;128(22):402.
60. Garcia-Gomez M, Calabria A, Garcia-Bravo
M, et al. Safe and efficient gene therapy for
pyruvate kinase deficiency. Mol Ther.
2016;24(7):1187-1198.
61. Hamilton JW, Jones FG, McMullin MF.
Glucose-6-phosphate dehydrogenase
Guadalajara – a case of chronic non-sphero-
cytic haemolytic anaemia responding to
splenectomy and the role of splenectomy in
this disorder. Hematology. 2004;9(4):307-309.
62. Luzzatto L, Poggi V. Glucose 6 phosphate
dehydrognase deficiency. In: Orkin SH, Fisher
DE, Ginsburg D, Look AT, Nathan DG, Lux
SE, et al., eds. Nathan and Oski's Hematology
and Oncology of Infancy and Childhood.
Canada: Elsevier/Saunders, 2015:609-629.
63. Rees DC, Duley JA, Marinaki AM.
Pyrimidine 5' nucleotidase deficiency. Br J
Haematol. 2003;120(3):375-383.
64. McMahon JN, Lieberman JE, Gordon-Smith
EC, Egan EL. Hereditary haemolytic anaemia
due to red cell pyrimidine 5'-nucleotidase
deficiency in two Irish families with a note on
the benefit of splenectomy. Clin Lab
Haematol. 1981;3(1):27-34.
65. Ozsoylu S, Gurgey A. A case of hemolytic
anemia due to erythrocyte pyrimidine 5'-
nucleotidase deficiency. Acta Haematol.
1981;66(1):56-58.
66. Dvilansky A, Hezkelson L, Wolfson M,
Nathan I, Bashan N, Meyerstein N.
Haemolytic anaemia due to pyrimidine-5'-
nucleotidase deficiency. Int J Tissue React.
1984;6(4):351-354.
67. Rees DC, Duley J, Simmonds HA, et al.
Interaction of hemoglobin E and pyrimidine
5' nucleotidase deficiency. Blood.
1996;88(7):2761-2767.
68. Al-Jafar HA, Taqi A, Madda JP, Abdullah TA.
Splenectomy complicated by sustained
extreme thrombocytosis and extensive por-
tosplenomesenteric vein thrombosis in
pyrimidine 5'-nucleotidase deficiency. BMJ
Case Rep. 2013;2013.
69. Bruce LJ, Robinson HC, Guizouarn H, et al.
Monovalent cation leaks in human red cells
caused by single amino-acid substitutions in
the transport domain of the band 3 chloride-
bicarbonate exchanger, AE1. Nat Genet.
2005;37(11):1258-1263.
70. Bruce LJ, Guizouarn H, Burton NM, et al.
The monovalent cation leak in overhydrated
stomatocytic red blood cells results from
amino acid substitutions in the Rh-associat-
ed glycoprotein. Blood. 2009;113(6):1350-
1357.
71. Zarychanski R, Schulz VP, Houston BL, et al.
Mutations in the mechanotransduction pro-
tein PIEZO1 are associated with hereditary
xerocytosis. Blood. 2012;120(9):1908-1915.
72. Albuisson J, Murthy SE, Bandell M, et al.
Dehydrated hereditary stomatocytosis linked
to gain-of-function mutations in mechanical-
ly activated PIEZO1 ion channels. Nat
Commun. 2013;4:1884.
73. Andolfo I, Alper SL, De Franceschi L, et al.
Multiple clinical forms of dehydrated heredi-
tary stomatocytosis arise from mutations in
PIEZO1. Blood. 2013;121(19):3925-3935.
74. Rapetti-Mauss R, Lacoste C, Picard V, et al. A
mutation in the Gardos channel is associated
with hereditary xerocytosis. Blood.
2015;126(11):1273-1280.
75. Andolfo I, Russo R, Manna F, et al. Novel
Gardos channel mutations linked to dehy-
drated hereditary stomatocytosis (xerocyto-
sis). Am J Hematol. 2015;90(10):921-926.
76. Badens C, Guizouarn H. Advances in under-
standing the pathogenesis of the red cell vol-
ume disorders. Br J Haematol.
2016;174(5):674-685.
77. Stewart GW, Amess JA, Eber SW, et al.
Thrombo-embolic disease after splenectomy
for hereditary stomatocytosis. Br J Haematol.
1996;93(2):303-310.
78. Bergheim J, Ernst P, Brinch L, Gore DM,
Chetty MC, Stewart GW. Allogeneic bone
marrow transplantation for severe post-
splenectomy thrombophilic state in leaky red
cell membrane haemolytic anaemia of the
stomatocytosis class. Br J Haematol.
2003;121(1):119-122.
79. Jais X, Till SJ, Cynober T, et al. An extreme
consequence of splenectomy in dehydrated
hereditary stomatocytosis: gradual thrombo-
embolic pulmonary hypertension and lung-
heart transplantation. Hemoglobin.
2003;27(3):139-147.
80. Perel Y, Dhermy D, Carrere A, et al. Portal
vein thrombosis after splenectomy for hered-
itary stomatocytosis in childhood. Eur J
Pediatr. 1999;158(8):628-630.
81. Yoshimoto A, Fujimura M, Nakao S.
Pulmonary hypertension after splenectomy
in hereditary stomatocytosis. Am J Med Sci.
2005;330(4):195-197.
82. Gambale A, Iolascon A, Andolfo I, Russo R.
Diagnosis and management of congenital
dyserythropoietic anemias. Expert Rev
Hematol. 2016;9(3):283-296.
83. Iolascon A, Heimpel H, Wahlin A, Tamary H.
Congenital dyserythropoietic anemias:
molecular insights and diagnostic approach.
Blood. 2013;122(13):2162-2166.
84. Heimpel H, Schwarz K, Ebnother M, et al.
Congenital dyserythropoietic anemia type I
(CDA I): molecular genetics, clinical appear-
ance, and prognosis based on long-term
observation. Blood. 2006;107(1):334-340.
85. Shalev H, Al-Athamen K, Levi I, Levitas A,
Tamary H. Morbidity and mortality of adult
patients with congenital dyserythropoietic
anemia type I. Eur J Haematol. 2017;98(1):13-
18.
86. Heimpel H, Anselstetter V, Chrobak L, et al.
Congenital dyserythropoietic anemia type II:
epidemiology, clinical appearance, and prog-
nosis based on long-term observation. Blood.
2003;102(13):4576-4581.
87. Russo R, Gambale A, Langella C, Andolfo I,
Unal S, Iolascon A. Retrospective cohort
study of 205 cases with congenital dysery-
thropoietic anemia type II: definition of clini-
cal and molecular spectrum and identification
of new diagnostic scores. Am J Hematol.
2014;89(10):E169-E175.
88. Cappellini M-D, Cohen A, Porter J, Taher A,
Viprakasit V. Guidelines for the management
of transfusion dependent thalassaemia
(TDT). TIF publication. 2014.
89. Piel FB, Hay SI, Gupta S, Weatherall DJ,
Williams TN. Global burden of sickle cell
anaemia in children under five, 2010-2050:
modelling based on demographics, excess
mortality, and interventions. PLoS Med.
2013;10(7):e1001484.
90. De Franceschi L, Cappellini MD, Olivieri O.
Thrombosis and sickle cell disease. Semin
Thromb Hemost. 2011;37(3):226-236.
91. Platt OS. The acute chest syndrome of sickle
cell disease. N Engl J Med. 2000;342(25):1904-
1907.
92. Lesher AP, Kalpatthi R, Glenn JB, Jackson SM,
Hebra A. Outcome of splenectomy in chil-
dren younger than 4 years with sickle cell dis-
ease. J Pediatr Surg. 2009;44(6):1134-1138.
93. Brousse V, Elie C, Benkerrou M, et al. Acute
splenic sequestration crisis in sickle cell dis-
ease: cohort study of 190 paediatric patients.
Br J Haematol. 2012;156(5):643-648.
94. Al-Salem AH. Indications and complications
of splenectomy for children with sickle cell
disease. J Pediatr Surg. 2006;41(11):1909-
1915.
95. Machado NO, Grant CS, Alkindi S, et al.
Splenectomy for haematological disorders: a
single center study in 150 patients from
Oman. Int J Surg. 2009;7(5):476-481.
96. Owusu-Ofori S, Remmington T.
Splenectomy versus conservative manage-
ment for acute sequestration crises in people
with sickle cell disease. Cochrane Database
Syst Rev. 2015(9):CD003425.
97. Mouttalib S, Rice HE, Snyder D, et al.
Evaluation of partial and total splenectomy in
children with sickle cell disease using an
Internet-based registry. Pediatr Blood Cancer.
2012;59(1):100-104.
98. Goers T, Panepinto J, Debaun M, et al.
Laparoscopic versus open abdominal surgery
in children with sickle cell disease is associat-
ed with a shorter hospital stay. Pediatr Blood
Cancer. 2008;50(3):603-606.
99. Alwabari A, Parida L, Al-Salem AH.
Laparoscopic splenectomy and/or cholecys-
tectomy for children with sickle cell disease.
Pediatr Surg Int. 2009;25(5):417-421.
100. Englum BR, Rothman J, Leonard S, et al.
Hematologic outcomes after total splenecto-
my and partial splenectomy for congenital
hemolytic anemia. J Pediatr Surg. 2016;51(1):
122-127.
101.Hill QA, Farrar L, Lordan J, Gallienne A,
Henderson S. A combination of two novel
alpha globin variants Hb Bridlington (HBA1)
and Hb Taybe (HBA2) resulting in severe
hemolysis, pulmonary hypertension, and
death. Hematology. 2015;20(1):50-52.
102. Juul MB, Vestergaard H, Petersen J,
Frederiksen H. Thrombosis in Hb Taybe
[codons 38/39 (-ACC) (alpha1)]. Hemoglobin.
2012;36(6):600-604.
103. Lode HN, Krings G, Schulze-Neick I, et al.
Pulmonary hypertension in a case of Hb-
Mainz hemolytic anemia. J Pediatr Hematol
Oncol. 2007;29(3):173-177.
104.Thuret I, Bardakdjian J, Badens C, et al.
Priapism following splenectomy in an unsta-
ble hemoglobin: hemoglobin Olmsted beta
141 (H19) Leu-->Arg. Am J Hematol.
1996;51(2):133-136.
105.Kim BJ, Park KW, Koh SB, et al. Stroke
induced by splenectomy in hemoglobin
Madrid: autopsy clues to the underlying
mechanism. Blood Coagul Fibrinolysis.
2005;16(2):141-144.
106.Gyan E, Darre S, Jude B, et al. Acute priapism
in a patient with unstable hemoglobin Perth
and factor V Leiden under effective oral anti-
coagulant therapy. Hematol J. 2001;2(3):210-
211.
Splenectomy in hereditary hemolytic anemias
haematologica | 2017; 102(8) 1313
